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Abstract: Collapse-type shrinkage is one of highly refractory drying defects in low-medium density plantation-grown eucalypt wood used 
as solid wood products. Basic density (BD), microfibril angle (MFA), double fibre cell wall thickness (DWT), proportion of ray paren¬ 
chyma (RP), unit cell wall shrinkage, total shrinkage and residual collapse, which are associated with collapse-type shrinkage characteris¬ 
tics, were investigated by using simple regression method for three species of collapse-susceptible Eucalyptus urophyll,, E. grandis and E. 
urophyllaxE.grandis, planted at Dong-Men Forest Farm in Guangxi autonomous region, China. The results indicated that: unit cell wall 
shrinkage had a extremely strong positive correlation with BD, moderately strong positive correlation with DWT, and a weakly or moder¬ 
ately negative correlation with RP and MFA; total shrinkage was positively correlated with BD, DWT and RP and negatively related to 
MFA, but not able to be predicted ideally by any examined factors alone owing to lower R 2 value (R 2 ^0.5712); residual collapse was 
negatively correlated with BD and DWT, linearly positively correlated with MFA. and had strongly positive linear correlation with RP. It 
is concluded that BD can be used as single factor (R 2 > 0.9412) to predicate unit cell wall shrinkage and RP is the relatively sound indica¬ 
tor for predicting residual collapse 

Keywords: Basic density; Microfibril angle; Double fibre cell wall thickness; Proportion of ray parenchyma; Unit cell wall shrinkage; To¬ 
tal shrinkage; Residual collapse; Eucalypt plantation 
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Introduction 

Eucalypt is the most important plantation tree species exten¬ 
sively planted in temperate, subtropical and tropical region out¬ 
side Australia and ranked in the first in the cultivated forest areas 
in the world (Wu and Luo 2002a, 2002b; Yin et al. 2001). Of all 
the introduced eucalypt tree species. Eucalyptus urophylla, E. 
grandis and their hybrids are widely popularized and preferred 
in some countries such as China, Brazil, India, South Africa, etc. 
owing to their superb growth rate, high productivity and their 
ability to produce a range of useful forest products such as pulp 
and paper, round timber, and sawn products (Yin et al. 2001; 
Gominho et al. 2001; Malan 1993; Yang 2003). Flowever, previ¬ 
ous studies on them have been largely focused on wood proper¬ 
ties as a resource for wood fibre (Wu and Luo 2002a, 2002b; 
Gominho et a/.2001; Malan 1993; Yang 2003), and few re¬ 
searches were involved in their processing characteristics used 
as solid products. Only in recent years, there has been consider¬ 
able interest in growing trees for solid wood products and some 
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preliminary investigation has been performed in their potential 
for higher value products such as solid wood products, espe¬ 
cially appearance-grade sawn timber. However, it is well known 
that some commercially important eucalypt species, like the 
above eucalypts. are prone to collapse and honeycomb during 
drying. Collapse is an abnormal shrinkage encountered in wood 
of certain tree species in the process of drying. High levels of 
shrinkage due to collapse causing significant timber degradation 
were particular evidence in low-medium density eucalypt spe¬ 
cies (llic 1999). At present, it is generally accepted that collapse- 
type shrinkage including honeycomb is one of the refractory 
defects in some members of Eucalyptus which are used as solid 
wood products. Although a few studies already had been con¬ 
ducted on mechanisms of collapse (Kauman 1960; Terazawa and 
Hayashi 1974, 1975; Hayashi and Terazawa 1975a. 1975b, 
1975c, 1977; Bariska 1992; Chafe and llic 1992b), methods of 
preventing and relieving of collapse (Chafe 1995, Vermass and 
Bariska 1995), prediction of collapse (Washusen and Evans 2001. 
llic and Hillis 1986), and wood properties closely related to both 
collapse and shrinkage (Yang 1991, 2003; llic 1999; Washusen 
et al. 2001; Hart 1984; Chafe 1985, 1986a, 1986b, 1987; Chafe 
and llic 1992a), little information was reported on relationship 
between some anatomical parameters and collapse-type shrink 
age properties in eucalypt wood. 

Thus, our study is aimed at investigating the relationships of 
basic density (BD) and three anatomical parameters-Microfibril 
angle (MFA), double fibre cell wall thickness (DWT) and pro¬ 
portion of ray parenchyma (RP) with shrinkage pf unit cell wall, 
total shrinkage and residual collapse as well as exploring the 
feasibilities of applying single factor of BD, MFA, DWT and RP 
to predict shrinkage and collapse properties. 



84 


WU Yi-qiang et al. 


Materials and methods 

Site conditions 

The sampling site is located in Dong-Men State Forest Farm 
in Guangxi Autonomous Region, China, as shown in Table 1. 


Table 1, Geographic and climatic conditions in forest sites 


Latitude 

Longitude 

Elevation (m) 

Slope 

Annual rainfall 

(mm) 

N22.5 

E107.5 

200 

<1 

1213 

Annual evapo¬ 
ration (mm) 

Average annual 
temperature 
fC) 

Highest tem¬ 
perature 
(°C) 

Lowest 

tempera¬ 
ture (°C) 

Average annual 
frost days 

1448 

21.3 

39.2 

1.2 

3 


Collection of sample trees 

Fifteen eleven-year-old trees of three kinds of eucalypts 
(Eucalyptus urophylla, E. grandis and E. urophyllaxE. grandis) 
planted in same clonal gene pool belonging to Dong-Men Forest 
Farm established through China-Australia cooperation were 
selected, immediately one 1.3-m-long billet at diameter at breast 
height upward was removed from each tree stem after felling, 
then sealed at two ends with melted waxes, wrapped by plastic 
films, and finally shipped to Ehime University in Japan so as to 
be used in immediate experiments. The specific situation on 
sample trees is shown in Table 2. 


Table 2. Growth traits and basic density in sample trees 


Species 

Num¬ 

ber 

Mean height 
density (m) 

Mean 

DBH 

(cm) 

Moisture 

content in 

green (%) 

Basic 
density 
(g • cm' 3 ) 

E. urophylla 

5 

27.5 > 

22.8 

112.5 

0.525 

E. grandis 

5 

25.2 

22.5 

107.4 

0.496 

E. urophylla x 
E.grandis 

5 

28.7 

20.2 

100.5 

0.476 


Preparation of specimens 

For all the above-mentioned billets, one pith-to-cambium ra¬ 
dial board (21 X 120-mm, tangential (t) X longitudinal (1)) was 
cut from each billet in south and north direction labeled, respec¬ 
tively. One 21x21xl20-mm (txrxl) sample stick was cut from 
each of three positions of 10% (innerwood, I), 50% (middle- 
wood, M), and 90% (outwood, O) of the entire radial length for 
all boards from pith to bark. Finally, 30 sample sticks for every 
eucalypt species were taken. At first, two end-matched speci¬ 
mens (5x21xlO-mm, txrxl) were cut on each stick, of which one 
was employed as the determination of microfibril angle (MFA) 
and the other for both double fibre cell wall thickness (DWT) 
and proportion of ray parenchyma (RP), then as many 21x21x5- 
mm(txrxl) specimens as possible were cut from the remained 
part of the same stick for the measurement of basic density, 
shrinkage of unit cell wall, total shrinkage and residual collapse. 

Determinations of shrinkage of unit cell wall, total shrinkage 
and residual collapse 

Fifty end-matched specimens (25 at the north and south direc¬ 
tions, respectively) at each of three positions (I, M, O), taken 
from 5 trees of each of 3 kinds of eucalypts, were dried sequen¬ 
tially in a conditioning experimental drying kiln at a dry-bulb 
temperature (DBT) of 25°C from green to nominal equilibrium 
moisture contents (EMC) of 24%, 18%, 12%, 6%, and, finally, 


0% in a oven at 103 ± 2°C. Shrinkage and moisture content data 
were collected at each moisture contents (MC) condition at vari¬ 
ous states from green to 30% and each EMC at 6 levels of 
equilibration states from 30% of MC to 0. The dimensions of the 
specimens at various stages were measured by an electronic 
caliper with a precision of 0.01 mm. Shrinkage, which, in fact, is 
named as total one that consists of two parts of normal one be¬ 
low Fiber Saturated Point (FSP) and abnormal one arising from 
the residual collapse above FSP, was represented as the ratio of 
the dimensional variation between green and various moisture 
content (MC) states on the dimension in the saturated state. The 
mean value of 50 specimens was represented as the shrinkage at 
the given position of the given species. Collapse, which actually 
refers to residual one here, was extrapolated to figure out in 
terms of the following method. Theoretically, for any species 
wood, shrinkage curve arising from the change of bound water 
in the cell wall under FSP ought to be very approximate to 
straight line. Accordingly, as long as several values in shrink¬ 
ages corresponding to different moisture contents under FSP 
could be measured for a certain tree species wood, the regression 
equation for its shrinkage curve could be automatically estab¬ 
lished using Excel Analysis Software, consequently, the corre¬ 
sponding parameters examined may be determined. In this work, 
we found that the shrinkage curves in three species of eucalyptus 
were almost straight lines below about 28% of MC, thereby, the 
regression equation on them could be expressed as: 

y, = ax + fi , (1) 

where yj represents total shrinkage including residual collapse, x 
equals MC (<FSP), a denotes a slope of the line and describes 
actually unit cell wall shrinkage, and //, is intersection to y-axis 
and expresses the largest total shrinkage at 0% MC. Owing to 
eucalypt wood being prone-collapse, the total shrinkage result¬ 
ing from collapse must be larger than normal shrinkage, the 
value of the difference between the total shrinkage and normal 
one is generally defined as residual collapse. In order to calcu¬ 
late its magnitude, we assumed that 28 % MC is taken as FSP 
for the 3 species of eucalypt wood. Thus, the regression equation 
in normal shrinkage curve which must pass through FSP and 
parallel to the line expressed by equation (1) could also be re¬ 
written as: 

y 2 = ax + P 2 ( 2 ) 

where y 2 is normal shrinkage at the random MC below FSP is 
intersection to y-axis and the largest normal shrinkage at 0% MC, 
both x and a are same as that in equation (1). Let x be 28% as 
FSP, then we have y 2 = 0, therefore, fii could be determined. The 
calculated residual collapse should equal the intercept difference 
value between fi\ and [i 2 , that is, (fi r fi 2 ). The process taking 
average of these values calculated corresponds to the shrinkage. 

Measurement of basic density (BD) 

Sample mass was measured with an electronic balance (preci¬ 
sion 0.0001 g). Volumes were measured by the convenient dou¬ 
ble weight method (Archimedes principle) in which the sample 
is first weighed in air and then a second time immersed in water. 
The force resulting from immersing the sample in water was 
measured as the difference in mass. The volume was then de¬ 
termined as: Volume=(M a -M w )/p w , where, M a is the mass of the 
sample in air, M w is the mass of the sample in water and p w is 
the density of water at the working temperature. 
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Determination of microfibril angle (MFA) 

All end-matched blocks selected were softened by boiling in 
the condensable system device with the solution of 90% alcohol 
to glycerin (1:1, v/v), 25-30 tangential sections of 10-12 pm in 
thickness were cut with a sliding microtome (Model AO-860), 
then mounted in the test tube and immersed with Jeffrey’s solu¬ 
tion (10% nitric acid: 10% chromic acid: water, 1:1:18) for 14- 
18 h at 40 °C until they were entirely macerated into single half 
fibre wall, which were transferred to a glass slide using a clean 
stainless steel needle and spread evenly. Thirty MFA were ob¬ 
served and determined randomly under a polarized light micros¬ 
copy for each sample block, and all measurements from the 
same locations of 5 trees of every species were averaged to rep¬ 
resent the magnitude of the certain location of the given species 
eucalypt. The same averaging process was also conducted for 
the following other anatomical parameters. 

Determination of double fibre cell wall thickness (DWT) and 
proportion of ray parenchyma (RP) 

Transverse 25-um thick microsections were cut from the other 
block matched with that used for measurement of MFA using a 
sliding microtome. Temporary sections were made on glass 
slides with glycerine. Microscopic images from the wood cross 
sections were collected using a Quantimat-750 image analyzer 
with the image analysis software. Consecutive images were cap¬ 


tured from the starting to end of each of the cross sections at 
radial direction. In each measuring frame the double fibre cell 
wall thickness (DWT) and the proportion of ray parenchyma 
(RP), which is defined to the ratio of the total cross sectional 
area covered by ray parenchyma, were measured and calculated. 

Statistic analysis 

Simple regression analysis was conducted to examine the rela¬ 
tionship of BD, MFA, DWT and RP to unit cell wall shrinkage, 
total shrinkage and residual collapse with the software of SPSS 
12 . 0 . 

Results 

Average values of BD, three anatomical parameters, unit cell 
wall shrinkage, total shrinkage and residual collapse properties 
in E. urophylla, E. grandis and E. urophyllaxgrandis are sum¬ 
marized in Table 3. For anatomical features, it can be seen that 
DWT increases and both MFA and RP decrease from pith to¬ 
ward outer, while so far as shrinkage and collapse properties are 
concerned, parabola-type radial variation pattern, i.e. low value 
(I)-peak value (M)-low value (O), was observed on both total 
shrinkage and residual collapse except the increase in basic den¬ 
sity and unit cell wall shrinkage from pith towards outer. 


Table 3. Statistical mean values of MFA, DWT, RP, basic density, unit cell wall shrinkage, total shrinkage and residual collapse in 3 positions of 


3 eucalypts species 


Properties • 


E. urophylla 



E. grandis 


E. urophylla xE. grandis 

Innerwood 

Middlewood 

Outwood 

Innerwood 

Middlewood 

Outwood 

Innerwood 

Middlewood 

Outwood 

MFA 

18.17 

15.26 

13.16 

19.56 

15.61 

14.28 

16.54 

13.49 

11.36 

DWT 

6.27 

6.55 

7.52 

5.12 

5.59 

6.05 

6.01 

6.15 

6.87 

RP 

18.02 

17.09 

14.20 

17.20 

15.43 

13.10 

17.34 

16.03 

12.70 

BD 

0.42 

0.48 

0.52 

0.38 

0.46 

0.48 

0.39 

0.46 

0.49 

ax 

0.252 

0.276 

0.291 

0.242 

0.262 

0.272 

0.241 

0.262 

0.282 

a R 

0.201 

0.214 

0.226 

0.193 

0.205 

0.214 

0.192 

0.204 

0.217 

Sj 

9.26 

10.25 

10.21 

8.44 

8.88 

8.78 

8.46 

9.24 

9.12 

Sr 

6.08 

6.78 

6.81 

4.91 

5.56 

5.47 

4.89 

5.64 

5.61 

C t 

1.67 

1.81 

1.12 

1.56 

1.69 

0.95 

1.47 

1.51 

0.87 

Cr 

0.701 

0.74 

0.38 

0.35 

0.65 

0.11 

0.47 

0.59 

0.21 


Note: MFA=microfibril angle (°); DWT=double fibre cell wall thickness (pm); RP=proportion of ray parenchyma (%); BD =basic density (g-cm' 3 ); cti =unit 
cell wall tangential shrinkage (%); a R =unit cell wall radial shrinkage (%); Sr=total tangential shrinkage (%); SR=total radial shrinkage (%); Cr=tangential re¬ 


sidual collapse (%); C R —radial residual collapse (%). 

Discussions 

Relationship of basic density to unit cell wall shrinkage and 
total shrinkage 

Density is widely acknowledged to reflect shrinkage proper¬ 
ties. However, it seems to be not entirely satisfactory for low- 
medium density of eucalypt species. As demonstrated in Figs.l 
and 2, the regression analysis of a simple showed that BD was 
the better predictor for unit cell wall shrinkage (for a R : R 2 
=0.9412; a T : R 2 =0.9601) than for total shrinkage (for S R : R 2 
=0.5134; S T : R 2 =0.5145). That is, 94.12% of the variation in a R 
and 96.01% of the variation in a T are due to variation in BD, 
while BD only accounted for 51.34% of the variation in S R and 
51.45% of the variation in S T , respectively. In comparison with 
low to moderate linear relationship of BD to total shrinkage, a 
very stronger linear association between BD and unit shrinkage 
indicates that only volumetric changes in cell wall substances 
play a most important role in unit shrinkage below FSP, while 


total shrinkage from green to 0% MC reflect the combined varie¬ 
ties in both cell cavity and cell wall volumes. In other words, it is 
very likely that collapse may occur as long as the shrinkage 
process accompanies the changes in cell cavity shape. Therefore, 
it was collapse occurring that led to the increase of total shrink¬ 
age including two parts of residual collapse and normal shrink¬ 
age and subsequently resulted in inconsistent radial variation 
trends between unit shrinkage and total shrinkage, i.e. unit cell 
wall shrinkage increased with increasing BD from pith to bark, 
while total shrinkage increased from pith outer towards middle- 
wood, then slightly gradually decreased towards outwood with 
increase of BD along radial direction (Table 3). 

Relationship betw een basic density and residual collapse 

Collapse is a type of shrinkage in wood which occurs above 
the fibre saturation point, i.e. when water is contained within the 
cell lumens, and is manifested by a bucking of the cell walls and 
flattening of the lumens. Even if under room-temperature drying 
state, collapse usually could still occur in some eucalypt species 
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(Table 3). Similar findings were also reported by some research¬ 
ers (Ilic 1999; Washusen and Evans 2001). It can be seen from 
Table 3 that radial variation in total shrinkage and residual col¬ 
lapse shows parabola shape, that is, low values in outwood in 
spite of high density, high ones in the middlewood and a decline 
towards the pith. The lower values near the pith than middle- 
wood are caused by the increase of cell wall permeability by 
compression failures in the cell wall. The reduction of liquid 
tension by larger permeability made collapse development miti¬ 
gate. While, compared to middlewood, the extremely lower val¬ 
ues in outwood may be inferred to be closely related to its higher 
permeability in sapwood and low percentage of RP. As presented 
in Fig. 3, although there is a significantly (P<0.05) negatively 
linear relationship between residual collapse and basic density, 
only less than 50% of variation in residual collapse was ex¬ 
plained by BD. This shows that BD is not a good predictor in 
residual collapse because some more important anatomical char¬ 
acteristics are very likely to participate in the formation of resid¬ 
ual collapse so as to weaken greatly the effect of BD on it. 



Basic density (g-cnv 3 ) 

Fig. 1 Unit cell wall shrinkage plotted against basic density of 
planted eucalypt 

C>: Unit cell wall tangential shrinkage; A: Unit cell wall radial shrinkage 



0.35 0.4 0.45 0.5 0.55 

Basic density (g-cm' 3 ) 

Fig. 2 Total shrinkage plotted against basic density of eucalypt 

O; Total tangential shrinkage; A: Total radial shrinkage 



Basic density (g-cnr 3 ) 


Fig. 3 Residual collapse plotted against basic density of eucalypt 

</: Tangential residual collapse; A: Radial residual collapse 

Relationship of anatomical characteristics with unit cell wall 
shrinkage and total shrinkage 

There is a significant positive linear relationship between unit 
cell wall shrinkage and DWT and a moderately negative linear 


relationship of unit cell wall shrinkage to MFA (Fig. 4). DWT 
and MFA account for more than 60% of the variation in unit cell 
wall shrinkage, and their variations are higher and correlations 
are more significant than RP. This shows that DWT and MFA are 
more relatively suitable for indicators of unit cell wall shrinkage 
than RP. In fact, this finding agrees well with the effect of BD on 
unit cell wall shrinkage. It is well known that MFA has a great 
effect on shrinkage properties (Kollmann and Cote 1968; Pan¬ 
shin and Zeeuw 1980), as usual, the greater the MFA, the smaller 
the transverse shrinkage in cell walls substance. However, DWT 
and RP have positive correlation with total shrinkage, while the 
reverse is true for MFA (Fig. 5). Compared to 3 anatomical pa¬ 
rameters regressed on unit cell wall shrinkage, all corresponding 
coefficients of determination in 3 simple regression equations for 
total shrinkage are lower, implying any factor alone in 3 ana¬ 
tomical indices can not be regarded as reasonable predictor for 
total shrinkage. This appears to be demonstrated that shrinkage 
behaviors in collapse-prone eucalypt are very complicated and 
some thinner-wall cells such as ray parenchyma very possibly 
participate in shrinkage process, which result in abnormal 
shrinkage in eucalypt wood. Interestingly, we also found that RP 
was negatively correlated with unit cell wall shrinkage and posi¬ 
tively correlated with total shrinkage (Figs. 4 and 5). This finding 
indicated that RP played different roles in shrinkage process, i.e. 
total shrinkage accompanying collapse increases and normal 
shrinkage decreases with the increase of RP because normal 
shrinkage is mainly closely related to the contents of cell wall 
substances, which decline with the increase of RP. 

Relationship between anatomical eharacterislics and residual 
collapse 

As demonstrated in Fig. 6, it has been found that DWT is 
negatively linearly related to residual collapse, regardless of C R 
or C T , and RP is strongly linearly positively correlated with re¬ 
sidual collapse, and explains as high as 74.54% to 81.7% of 
variation in residual collapse, while MFA and DWT account for 
only 18.39% to 50.09% of the variation in residual collapse, 
indicating RP alone may be applied to the prediction of magni¬ 
tude of residual collapse in collapse-prone eucalypts. This also 
has demonstrated that collapse is extremely complicated shrink¬ 
age phenomena and involved in types and numbers of anatomical 
elements participating in the formation of collapse. Similar to 
total shrinkage, patterns in radial variation in tesidual collapse 
also take on parabola-type one from pith towards outer (Table 3). 
This finding further confirmed the hypothesis provided by Hart 
(1984) who advocated that RP could play an important role in 
the formation in collapse. It is generally thought that providing 
one of the following three requirements, i.e. impermeability, 
water saturation of the cell lumen and comparatively thin cell 
walls, is contented, collapse may probably occurs in some spe¬ 
cies. Ray parenchyma cells in eucalypt wood can be rather easier 
to meet any requirements in collapse. Notwithstanding, collapse 
would less likely to occur in the relatively thick cell walls be¬ 
cause the wood would be stronger in compression perpendicular 
to the grain. Kauman (1964) found that the tendency for collapse 
to be smaller in the radial than in the tangential direction is at¬ 
tributed to restraint offered by rays, a finding consistent with that 
shown in Table 3. Bariska (1992) reported the buckling of the 
ray parenchyma cells in E. macarthurii and E. elala was ob¬ 
served along the long axis, this has been expected due to the 
overall radial collapse shrinkage of the stems. It was reported by 
Hattori el al. (1979) and Kanagawa et al. (1978) that not only the 
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increment in external shrinkage resulted from the increase in the 
number of collapsed ray cells within high moisture content range 
above the fibre saturation point, but also deformed cells in col¬ 
lapsed samples were observed mainly in ray parenchyma. This 
has further shown that, to some extent, the ray cells in collapse 
susceptible species could make the greater contribution to the 
generation of wood collapse and would be regarded as one of 
main indicators of the cell-collapse intensity. However, In par¬ 
ticular, owing to variation and complication of anatomical struc¬ 
ture in collapse-prone species wood, so far no consistent conclu¬ 
sions have been obtained on effect of anatomical features on 
shrinkage properties. Chafe et al. (1992) concluded based on the 
previous findings reviewed that there were no relationship be¬ 
tween collapse and proportions of fibres, axial parenchyma, ves¬ 
sels, vessel dimensions or rays in E. regnans. Bisset and Ellwood 


(1951) found that collapse was negatively related to fibre wall 
thickness across a growth ring. Ilic and Hillis (1984) revealed 
that collapse was related to the proportion of fibres with specific 
cell wall thickness. Nasroun et al (1998) found that the most 
important anatomical properties affecting shrinkage were vessel 
diameter, diameter of parenchyma cells, lumen fraction and di¬ 
ameter of fiber lumen. Bello (1997) reported some factors influ¬ 
encing shrinkage and characteristics were probably fibre cavity 
diameter, fiber diameter and cell wall proportion. Yang et al. 
(2003) observed that MFA was not significantly correlated with 
collapse, significantly and negatively correlated with only tan¬ 
gential shrinkage in E. globules. Thus, it is necessary to investi¬ 
gate further systematically relationship between anatomical char¬ 
acteristics and shrinkage properties in collapse-susceptible plan¬ 
tation-grown eucalypt wood. 



U 0.30 


■S 0.25 


= 0.20 


0.15 



Microfibril angle (°) 


4 5 6 7 

Double fibre wall thickness (gm) 



Proportion of ray parenchyma (,%) 


Fig. 4 Unit cell wall shrinkage plotted against anatomical features of planted eucalypt 

O: Unit cell wall tangential shrinkage;A: Unit cell wall radial shrinkage 
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Fig. 5 Total shrinkage plotted against anatomical features of planted eucalypt 

O: Total tangential shrinkage; A: Total radial shrinkage 





Double fibre wall thickness (pm) 


Proportion of ray parenchyma (%) 


Fig. 6 Residual collapse plotted against anatomical features of planted eucalypt 

O: Tangential residual collapse; A: Radial residual collapse 


Conclusions 

Based on simple linear regression analysis between basic den¬ 
sity and anatomical features (DWT, MFA and RP) and shrinkage 
characteristics (unit cell wall shrinkage, total shrinkage and re¬ 


sidual collapse) and analysis of radial variation in the parameters 
examined, the following conclusions could be drawn for low- 
medium density plantation-grown eucalypt wood: 

Basic density (BD), double fibre cell wall thickness (DWT) 
and unit cell wall shrinkage increase and microfibfil angle 
(MFA) and proportion of ray parenchyma (RP) decrease from 




88 


WU Yi-qiang et al. 


pith towards bark, while total shrinkage and residual collapse 
exhibit similar parabola-type radial variation patterns, i.e. low 
value (I)-peak value (M)-low value (O). 

Unit cell wall shrinkage was strongly linearly positively corre¬ 
lated with BD, moderately to strongly linearly correlated with 
DWT, and weakly to moderately negatively linearly correlated 
with RP and MFA, thus it could be well predicted by BD. BD is 
regarded as the first indictor and DWT is regarded as the second 
one for predicting unit cell wall shrinkage. 

Total shrinkage was linearly positively correlated with BD, 
DWT and RP, and linearly negatively correlated with MFA, but 
was not capable of being predicted in terms of any single factor 
of the above four parameters examined. 

Residual collapse was moderately to strongly positively corre¬ 
lated with MFA and RP, weakly linearly negatively correlated 
with BD and DWT. RP was the relatively sound indicator for 
predicting residual collapse. 
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